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METHODS FOR INHIBITING GRAFT VERSUS HOST DISEASE IN BONE 
MARROW TRANSPLANTATION 

BadaXflUnrf * hg Invention 

5 Allogeneic bone marrow transplantation (BMT) is an effective treatment for many 

hematological malignancies and severe aplastic anemia (see e.g., Thomas, E.D. (1983) J. 
Clin Oncol 1:517-531; O'Reilly, RJ. et al. (1983) Blood 62:942-964; and Storb, T. et al. 
Semin. Hematoi 2:27-34). However, the alloreactivity of T cells within the donor bone 
marrow to recipient cells leads to a potentially fatal condition referred to as graft versus host 

1 0 disease (GVHD). One therapeutic approach which has been taken in an attempt to minimize 
or eliminate GVHD involves administration to the transplant recipient of a general 
immunosuppressant, such as cyclosporin A or methotrexate (see e.g., Kapoor, N. et al. 
( 1 989) Bone Marrow Transplant. £: 1 53). Use of such agents, however, is associated with 
deleterious side effects, including kidney damage and an increased susceptibility to 

1 5 infections. Another approach taken to minimize or eliminate GVHD has been to deplete 
donor bone marrow of T cells in an attempt to remove alloreactive T cells (see e.g., Martin, 
PJ. et al. (1987) Adv. Immunol 4Q:379). While T cell depletion has been found to reduce the 
occurrence of GVHD, this treatment also reduces the success of bone marrow engraftment 
Additionally, depletion of T cells from donor bone marrow used to treat hematological 

20 malignancies reduces the anti-leukemic activity (also referred to as the graft versus leukemia 
response, or GVL) of the donor cells (see e.g., Goldman, J.M. et al. (1988) Am Intern. Med 
108:806-814: Mannont A.M. et al. (1991) Blood 28:2120-2130). Thus, while the presence 
of alloreactive T cells within a bone marrow graft has the detrimental effect of inducing 
GVHD* the presence of at least some T cells within the graft is beneficial both for successful 

25 engraftment and for anti-leukemic responses. A therapy that effectively inhibits the 

responses of alloreactive T cells within donor bone marrow while permitting the continued 
presence and function of other T cells within the graft would therefore be of great advantage 
in the addressing the problem of GVHD while promoting the efficacy of bone marrow 
engraftment* 

30 The induction of a T cell response has been shown to require two signals: a first 

signal provided by stimulation through the antigen-specific T cell receptor (TCR) on the 
surfece of the T cell, and a second signal (termed a costmiulatory signal) provided by ligation 
of one or more other T cell surface receptors. Engagement of the TCR alone (i.e., signal 1) in 
the absence of a cosdmulatory signal (i.e., signal 2) induces a state of unresponsiveness, or 

35 anergy, in the T cell. A cosdmulatory signal can be generated in aT cell by stimulation of 
the T cell through a cell surface receptor CD28 (Harding, F. A. (1992) Nature 356:607-609). 
Ligaods f r CD28 have been identified on antigen presenting cells (APCs). CD28 ligands 
include members of the B7 family of proteins, such as B7-1(CD80) and B7-2 (CD86) 
(Freedman, A.S. et al. (1987) J. Immunol HZ:3260-3267; Freeman* G J. et al. (1989) */. 
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I^unoi 142:2714-2722; Freeman. 0J . « „. (I991) , ^ ^ m 

r " rt ^ Ic f 5C,>WC m ' 9 ° 9 " 91 ^ ^ M * d - (,993 > ^76-79; Freeman 
H " I T 1 ^ m - 2m - 21 ^ Add *°^ B7 family members have bin 
shown to bind another surface receptor on T cells related to CD28 termed CTLA4 (Linslev 
P.S. (.991), Med 174:56M69; Frecman , GJt et ^ (1993)Sc ^™X 

The characterization of the receptors and ligands involved in T cell costimulation has 
led to therapeuuc approaches based upon induction of antigen specific T cell 
unresponsiveness by blocking of a costimulatory signal in T cells. For example, a CTLA4Ig 
fus.on protein, which binds both B7-1 and B7-2. has been used to inhibit rejection of cardia! 
allografts and pancreatic islet xenografts (see e.g., Turka. L.A. et al. (1992) Proc. Natl Acad 
Sc. USA*. 1 1 102 -' ' «* ^ * et al. (,993)7 Esp. Med jauoi-i Lenscht D , 
etal.0992) ^257.789-792). Sunilarly, antibodies reactive with B7-1 ^d/orB^ 
have been used to inhibit T cell proliferation and IL-2 production ,„ vitro and inhibit primary 
immune responses to antigen in vivo (Hathcock K.S. et al. (1993) Science 262, 905-907- 
^"-^ ^ r 

^C.^,^)^,^,,,,, However, effeaive methods 
for inhibiting T cell responses in bone marrow transplant situations which avoid the need for 
general immunosuppression of the transplant recipient and overcomes the drawbacks of T 
cell depletion m bone marrow transplants are still needed and would have widespread 
20 therapeutic applications. 
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Summary of the lnv fn ^ nn 

This invention features improved methods for inhibiting graft versus host disease in a 
bone marrow transplant recipient while preserving T cell mediated function against both 
nimor and pathogens in the recipient. This invention is based, at leas, in pan. on the 
discovery that an inhibitor of a costimulatory signal in T cells can be used ,n vitro to inhibit 
mappropnate donor T cell responses to alloantigen and. thus, inhibit graft versus host disease 
.n bone marrow transplantation. The inhibitor of a costimulatory signal in T cells is 
preferably * agent which inhibits an interaction between a costimulatory receptor on the T 
cell (e.g., CD28 and/or CTLA4) and a costimulatory molecule (e.g.. B7-1 and/or B7^> on a 
cell presenting antigen to the T cell. Thus, the inhibitor of a costimulatory signal can be for 
example, an antibody (or fragment thereof, which binds the receptor or the cosnmulatorv 
molecule, a soluble form of the receptor or costimulatory molecule or a peptide fragment or 
other small molecule designed to inhib.t a costimulatory signal in T cells. A preferred 
inhibitor is a soluble CTLA4-immunoglobulin fusion protein (CTLA4Ig) or an anti-B7-l 
«mbody or an anti.B7-2 antibody. A much preferred inhibit risacombinati nofananti- 
B7-1 and an anti-B7-2 antibody. 

According to the method of the invention, a T cell response is inhibited by contacting 
me T cell in vitro with at least one inhibitor of a costimulatory signal in an antigen specific T 
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«„ ,„ particular, for uso in inhibit graft versus ho* diso^o in a bon«n*no« .-*U-> 
, ^aoorasuohasacombioadonofaMi-BM a»d anu-B7.2 aimbodros or a solublo 

7' fK ?clTJr*Z >o boa, conor *« m-ow <» -» - d °"°' 
T «"^°f^ fT^Ic, ^ cells can bo contact wth the inh.b,.or of a 

!J^Z*M>L| adnnniarauoo of .be noarod donor colls, to inhitator o, o*«r 
10 recipient. 

.yorphocyTre^oo be»«o HLA dbpMe individuals maud w«h «*« CTLA.lg. 
, 5 H^LunoglobuUn dg). or phospr*. buffered saiin. (PBS) (con*..). 

fi™r. /is a gr^hic repr«en.anon of T coll proliferanon u, a ^ 
epiray „rL_ HLAdiS para« individuals ««ed »ithe,<herantt.B7-l 
lymphocyiereacoonberwecnrlLAaispaia»"~ _,ubm 

rrrr=^-- : — ™ — 

of ami-B7-l «.tibody (a), anii-B7-2 annbody (b). CtlAdlg <c> or ann 

M> Figure 6 dopicia ft. frequency of ***** - f * ^ 

presence of media alone, or with anu-B7-l antibody (a b/ u, 
2). anti-B7.1 and anti-B7.2 («B7-1 ♦ oB7-2>. COA41g. or CIg. 
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cells (hos,, or thhd pa^ Mlls J^^^T """"'^ — -r 

«dand.B7.1 antibody (aB?-I) M U-B7 , ^ S '' mU,>tor 

.0 anybodies (O.B7- ♦ J W^^,,^ -«W X ^-87-2 

nttaild T>nfrintinn a£Htt Tnrmflnn 

substantial elimination of at least one T r,n ^ 10 3 reduct,on « or 

M the response of a T «„ ^ » aTl^ l"^ " *™ ° f 

»u 8 ca also referred ,„ herein as LI*! 1 °f "responsive in the T cell ,o the 

rendered unresponsive ce^^^ m,, ' eTcdi - * ^" ce " which has been 
eliminated res^sea e7T^ ^"^"^""^^^cedor 

» is tahihited to rednce or sTZTy *T T » 

bone manowtrenaptan, recipient ^ w " hofl **** " a 

T eel, ZZZ'Zl ZZ l M h "" 6e0 — — -cnnon. a 

•^rofa^^CXtw^^^^ 1 ""- *• 
30 riM- hnerterea with, bid ZlZ2Z£2? 'T" *" 

signal in the T cell which, tog^ ZZ "T™ Mimy ° f * — * 

TCR/CD3 cotnpfe, is -^Z^Z^ ^ T*" ^ fc 

* — or costing ^ K^.TSiT I 
CD28 and/or CTLA4 (or related m ni~..L. • y surfecc rece P to '" such as 

on a B cell, on a Wesstonal- anti,^" £ 7T£T > - 

Present andgen toaTcell suc h a ..s_7^ *«r «U type which cat 

o-^endreU, ^ ^. 

B7 2 wluch ^SSw a costimulatory signal in a T 
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« rrnitt are collectively referred to herein as 

receptor on the T cell (or a reia y fragment tbereoO which 

. vi ^ m «f the costimulatory molecule(s), or an anuooay \vt ua* 
soluble form ot tne cosumuiawij ^^v—^ cnstimulatory 

bW s ,0 mm, *. receoror « »« ^^7^,^^^ 
kWK <• CTl>«-unmono«l.b<nm mm. ,pn*m f^'f^ ^ fmd 

transduction palhway. ^^;h*H in further detail in the 

T^ese and other embodiments of the invention are desenbed ,n further 

following subsections: 



20 L 



25 



30 



35 



of*, invention are avarbble » ft. «t £*. «^ h«»«eM or can be 

Rockville. MD, or eonunercally. eg., from <^ wc " ^ . used herein 

s^^uesfor^a^^^ obuUo 

refers . - "T"^^ «n* 

molecules, 1*. motaarles *m eonmn . ~ ' «T ^Ltag •***) <«*• 

anubody can oe pcri« ta desianated by the term antibody . 

fragment consisting of the vuvn,^ domains of a 

*e VH - CHI rton-ins; (iii) an Fv fagm- f - m:5 44.54o) 

sh*. ann of an mm*. (*> > «» ^"^1^ (COR), 

which coosisrs of a VH domain: (v) an .solattd complunenonry detenn 
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and(vi)anF(ab') 2 fiagment, a bivalent flagm^ comprising two Fab fta«n«., r ^ 
disulfide bridge at the hing. region Antibodies <*« h! ft! i ^ lmked by a 
technioues an H »h. ^ ^bodies can be fragmented using conventional 

techniques and the fragments screened for utility in the same manner as de**^ r u ■ 
antibodies. The term "antibodv- i« fi.*h~ • ■ described for whole 

1U anuooay is further intended to ncluH* ki<m~;c , . . 

«. be mad. as a susgle pmrein chain ^ „ ^ « "* »«» 

Science 242:423^.26; and Huaton e, a]. (19.8, HUSK-SB, 58U t ? ' " 

To prepare an anttbody specific for a molecule to be targaed i„ ^ ^J^l 

ITTJE • cos * nu,tarory " — CI 

used heretn U desenbe a composition typically consining . pro,™ or r*«id. . 

15 "te^tfattrteprrotaorrxpodecanr*^ •' 
Pepddepcyma, The ZunoZ ' ?+~ 
<«■ peptide orpsorern (oonoBllly as , u^^™ — • 

of the imm^gen pec tm„ dose depends on. Ir, ^ ^ ^ ^,17°"' 
inoculated, the bodv weight of the anirnal and *. 1 8 s - «P«ea °f aiumal 

10 known in th. «, Tt. dl0Se ° ' m » u ™=»i<>i> tegimen. as is well 

Known ,n the art. The immunogen prepamtion will rypically contain n™il , 
of about 10 m.crog™, „ aboul ^ pcrtn^rd^fZr.r 0, I 
micrograms to about 50 milliarams ner d„„ a dose, preferably about 50 

, . ^ ma y °c isolated from a natural source nr 

«pressed recombmantly by conventional techniques known in the an ? 

«~mng fonns of pmrei. f„ hnmunizadon. syndic pepudea c„ aJrenJvTbT 
ployed ,ow«ds which andbodlea can be mised mrus. in this mvenu^Tta nurified 
pmrem can also be covalendy or noncovalendy tnodtned with 

such ac lini^e . _ • s 7 "luainca wiin noo-proteraaceous materials 

''>»*« c^ydmes to enlunc. ttumrmogenie.ry or solubility. Altem^vely 7 
pun«ed prerern ca„ „, co „ pled ^ „ j^,,^ ^ JZuZl 

oromerm,c™.rg™ S m„o riw ,oenn^i ra nunog«n«i 0 , hSZ^S^ 
~ — „hieh Kprasa ^ mcir^^ch " 

nSdT.^^AT ,,m TT , ASya »« te "'-™iv«, i , i a P<m ibl.r use 
nucloc actd (e.g.. DNA) encodmg the pretein or peptfda of inrerea, as an immunogen fo, so- 
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• .• Thus the term "immunogen" is also intended to include nucleic 
called aenetic mmumzation. Thus, tne term um » 

callea gene antibodies are to be raised (see e.g., 1 ang, 

*>.«™ Ml* tt79»« fcd-*— •— 

^peritone, <ip> injections of an and - " < ^ ve by 

u . a- typically immunized against a protein, peptide or aen « j 

embodiment, ammals are lcte and injecting the 

combining about 1 ugto 1 mg of late r Janimals are boosted with 1/5 to 

, so.utionintradermal.yatmuluplesites. One ^^Ite (or other suitable 

1/10 the original amount of immunogen in . ^ 

animals are 

4*4 by subcuumeoos injection « multiply Sev« > > „ 
M and *e serum is assayed fo, »dbc* m. * „ enhaKC 

boosts until *. to planus. Also, aggsegaun, such * *» - * "* 

solid ptase-affixed immunoeomplex. The bound anubodus m *P« 

antigen binding site. A moNKlotal »Utady ^ "™ ^olna! andbodies 

bJLg IBni* for a P-dcul- pro*. ~* «• — — o^Ld, .no.ecu.es 

by continuous cell Imes ». colnne. Th«« •«'»* 256:495-497: see also 

technique origin* described by Kohler and Mds«n (W75. *» ^^3; 

Y*-*OW«M3^'--- Y *«^*^ )11-1- W^*I2). 



comprises the steps of: 



WO 96/14865 

PCT/US95/14774 



8- 



5 "■^ismennunntau^foranme^^^ 

flow cytometry. ^ *' € " W - , « ta « 'ntmunosorbent assay (ELISA) and/or 

10 (b) A suspension of antibody-producine cells «n,«^ <• 

secreting the desired antibody is then prepZ. A ftl " m ^ 
mouse) is sacrificed and somatic ItibZ^ *"* *■ ^ 

Primed animals. Spleen cells are mrf-J ,T ^ "° d P"l*«>l Wood of 
1 5 cells i„ a physiologically mle^e^Z, sepamed i„«o individual ? 

lymphocytes give ahiato Z^JTr m °f """^ '—'«••«. Mouse 

^^ii,X^r::rrrj^T mye,oMd ^ 

^ngdesi^ta mun0 d 0Wimm .'^ i T^" !ed - ^Iten «ll chromosomes 
«*. gens*,,, „ me pre^a ml * ^ *' «*- "» «* 

for example, th, M-NSl,,^ * „ Z 7T M ?T* * ^ 
These myeloma lm« are available L» Tf^^ °' Sp2/0 - A »"' -J*"— 
(ATCC).RceW U e. Md . available from the Amencan Type Culture Collection 

dtluiion conditions to obtain isolmed clones ThTI " ia "" ,m "" fc ' lta """8 
— forthepmsenc* JZl££ZZT?"*'* Mm ' m 
•^ues using me antig„ da, JZ^^ ^ **• 

3« be subcloned undet limitm, i:^^ - "" ~ 

beiaol«ed. V.**.*,^^^*"™^,-^.- 
monoclone andbodies so as to free memfiT!i |,Un& * ,i0n 0f "» 

- - or in vivo (in ascites fluid, using techm,ues £££ ^* " ta 

essels. and the culture medtum containing high cmtcenmuions of a single 
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specific monoclone antibody can be hamsaai by option, fihmdon or 
lively, fte yield of monoclonal antibody can be enhanced by injeenng . s-nple of fte 
hyondoma into a histocompatible animal of the type used to pmvid. the somaoc and 
^aceUa forth. on^fust.n.Tumonse^ 
: . Lueed by ft. fused cell hybrid develop in fte injected animal. Th. body flu,ds of ft. 

as ascit* fiuid or senan, provid. monoclone antibodies u, hi*. co = n. 
When hunutn hybridomas or EBV-hybridotnas are used, it is n~ssary .0 avotd reject™ of 
ftelogmn in ecKd inro animals such as mice, .nununodeficien. or nude tn.ee may be used 

D tumor, cultnmd *. «. X then injecreo inu.peH.onully ft* pnaan. pnmei annd^ 
nude mice which develop asci.es tumess seeing large amounts of speetfic human 

ta« in ft. an and commercially available and include syuft.de cuhure — 
, T"V ^^p^synu^cmediumisDulb^oamintaaJ^ft-n^um 

Lmmine and 20% feud caf «m An .Mmplary intaed mouse stnm .5 the Balb/c 
^Wh^utL product in non-human „«« . - 
ft., are mcognized «. varying degrees as foreign and an immune response may be ,-n-d 
20 tl paden, One appro** for minimmng or eliminmin, ftis problem, whtch ,s pmfembl. 
To ^Tmrnuno^pressio, is .0 produce dumenc an,ib*y d«iv,nv«s. * -** 
L ecules that combine a non-human animal varUble region and a ^cco^on 
Such antibodies are ft. events of fte monoclonal and polyctonal »»boo.« 
above, bu, may be less immunogenic when admmisKred to humans, and therefore mor. 

25 likely to be tolerated by the partem. _a_ii_» en be 

Chunenc mouse-human monoclonal antibodies chm«nc 
produced by tecombinan. DNA t«h»,,u«s known in ft. « For eumpte. . g«* ■ — *• 

.r,™~ („r ottar species) monocloital andbody molecule is 
fte<»n3tantregionofarounnetorouKrspeci.si International 
subaimed with a gen. encoding • humtm constant ragton. (see Robtnson e. al., loamo 
30 ^.Icadon WlVOSWBM* Akira .. a... Europe P«enr Appto»» IHJW. 
P Tan i ^»i.M..Eu ro pe»P««..App.«on,2,.^ 

„ . /to«-7\ pam«? JU-214-218- Nishimura et al. (1987) Cane. Res. 



35 

/«/. 811:1553-1559). 



"a * M -My canbefunhe, -humanly by racing porttons of the viable 
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GcncraJ reviews of "humanized" ehim^,. j- 

be obtained from an anti-CTLA4 antihnHv ^ ! / «* the an and, for example, may 

vector. Suitable "humanized" antibodies can a .t ■ Wnate expression 

i- • anaooaies can be alternative y produced hv rnp «,r-c a 

substitution (see U.S. Patent 5 225 539 , proaucea oy LDR or CEA 

4060). •« owner « aj. (1 988) y Immunol. HJ..-4053- 

'5 papude iramunogsn. Sntaiocvte* firm, ,1 • . proleul OT " ■' 

M*»l* Lonber* N. eta]. (1W4>*wj«.,jJ» ^ P " l, " ca00 " 
20 Gran HUMfaA. c , JMH56-859, Green, L.L. etal. (1994) M»ur< 

25 "combinatorial amibody JZ mcl^T tl ? ^ mHh0d - refcmd 10 • * 
fra*-* having » - to* 

™n,™.globuUn mol«ul« by using a mixture of oli,o«r nrin^L rc» F „ , „ 
— * «■■»— ** primm corresponding . <. 5 I^Z^ ' 
and*, fram^o* , (FRO^nca, as J. J^JZ^ZZL 
35 pnmaa «, b, us* fpr PCR ampMcado. of d« b«vy „d litfn iZZZL 

srrereg, c« ^ao „«„ used ,o ampiify hlmlan tovy ^ ^ ZJt^ZlZ^ 
hunian antibodies (Larricketal noon u-.u u / vanaoie regions from 

2:106-1 10). °* '° '» 
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^Air^m RNA is isolated from activated B cells of, for 
As an illustrative embodiment, KNA is isms™ . . 

strand cDN A is synthesized usmg primers specific for the uence . 
x j u ~f tv«. r and X liaht chains, as well as pnmcrs ior xnc s.&u« ~m 

„r IJ^S-?*. v^>« <*- of bo* h-v, »d light chains are 
Using vanabl. region ™ P™"* ~ » ^ VKt0 „ for fafcer 

^UHed, each a)one "-TT^^JLL pnrr*s useru) in 
manipulation in getKranng «" »»P I «' „ inM _ onIe ^ a, degeneW. 

, amplification protocols may be ura,« or also be ineorponued w. the 

posidons. »^'*-^ m ^^ZZ**t?Lm+* 
^ ra al!o» for to cloning of use amplified fragmew into ve«or p~ 

reading ftame for expression. „j_; v _4 mtibodv repertoire can be 

5 e^ssed b ^^on ^spl ^ Mmprije5 , ^ ^ ^ 

20 PtanM cia *— *** and reagerns 

ST/ZsZ-TM phage display tat candog no. 240612). ^ Bbw can be found 

in, for example, Ladner et al. u.a. ra«. oi/.7271 ; Winter et al. 

25 Unemadonnl Publicaion WO WO 93/012..; McCafieny et * 

Biding e, * .menudonal PnbUCio. No. WO 

imemadonal Publication No. WO 92/0IW7. GarrsM 

(1992) WWmMTMMO: Gar*. « al W „ M 
e, 4 (WDM.*-*.!*™*" S f r^nLouspb^e). the 

packages that express an antioo y * (e.g., from the phage 

the selected antibody can be recovered from the d^ ' *^ DNA 
genome) and subcloned into other expression vectors by standard reco 



techniques. 
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In another embodiment of the phage disolav I.Wv c 
domains of heavy and lig ht chains areZess^on ft ^ * V ^ on 

linker to form a singJe-chain Fv frZT^l b > a fl -»>le 

desired expression Lor or ^ ^,7 * -to the 

5 We ( 1 990) m-552-554. cmp^a* TvTZ^ZT" " « 
*ex.b,e (G, y4 .Ser)3 linker can he used to^ a ZTcn^ ^ ^ * 8 

— "~ with a particular antigen can subseqlu^^T 
j q phannaceudca, prepay for use in the subject method ^ ^ 8 

A So/wWe ^rotew and Fusion Proteins 

IxciScityandiBU^nd,,)) For «Zi 77, T simitar binding 

muplMBlion i> . soluble form of. CTLA4 nJLVT ^ " b °" """^ 

of B7-I «, B7 . 2 wM, CD28 .nd/o, ' ,,,,ibi, *« 

Soluble forms of surface-bound proteins can bo oud- u,, M „ , „ 
«» >™™ «,»ession tectaioJknown iTl 7 reC<,,, " ,i ° a, " 

nucleotide sequence encodu* the C ° mpri *'« a 

copies™ don»tas, can be isolated .* ZmEZZZZ <™°***™< mt 
COS. CHO or NSO celh. for euwJT^ «*««.; yeast or namnaltan cells, eg., 

-*h which thec^st ^ PW "' 

to a protein composed of a first wlvrJL ^ ^ 6,3,00 P^tein" refers 

. ^ ui a nrst polypepude operauvely linked to a secnnH h-^i 

P0lypept.de. A preferred type offus.cn protein to be usTuan J ^J*^ 0 * 0 " 3 - 
-entionisanimmunog, hmtoUZ^Z^T"*^** 
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immunglobulin constant region, or portion thereof. Immunoglobulin fusion proteins have 
been described extensively in the art (see e.g., U.S. Patent No. 5,1 16,964 by Capon et al.; 
Capon, D.J. et al. (1989) Nature 222:525-531: and Aruffo, A. et al. (1990) Cell 61:1303- 
13 13), and typically include at least a functionally active binge region, CH 2 and CH 3 

5 domains of a constant region of an immunoglobulin heavy chain (e.g., human Cyl, Cy4). 
Construction of a B7-Ug fusion protein and a CD28Ig fusion protein is described in detail >n 
Linsley PS et al. (1991) J. Exp. Med. 122:721-730. Construction of a CTLA4Ig fusion 
protein is described in detail in Linsley. P.S. et al. (1991)7. Exp. Med, 124:561-569 and 
Gimmi, CD. et al. (1993) Proc. Natl. Acad Sci. USA 2ft:6586. Other Ig fusion proteins (e.g.. 

1 0 B7-2-Ig) can be similarly prepared. 



C. Additional Blocking Agents 

Alternative to an antibody (or fragment thereof), soluble receptor or ligand (or portion 
thereof) other molecules which inhibit interactions between cell surface molecules are w,th,n 
15 the scope of the invention for use in inhibiting T cell responses. For example, a peptide, 
peptide mimetic, or other form of small molecule (such as a drug) which inhibits an 
interaction between a receptor and a costimulatory molecule can be used to mh.bu a 
costimulatory signal in a T cell. Similarly, a peptide, peptide mimetic, or other form of small 
molecule (such as a drug) which inhibits adhesion or a T cell to a cell presenting anngen to 
the T cell or inhibits an interaction between a T cell growth factor and its receptor on a T 
cell, can be used as a second agent in conjunction with a costimulation inhibitory agent to 
inhibit a T cell response. 
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D. Intracellular Agents 

In other embodiments of the described methods, an agent which acts mtracellularly u> 
interfere with the formation of an intracellular signal(s) associated with a particular stgnal 
transduction pathway can be used to inhibit a T cell response. For example, a cosnmulauon 
inhibitory agent as described herein can be an agent that acts intraceUularly to inhibit a 
CD28- or CTLA4-associated signal transduction pathway. CD28 stimulation has been shown 
to result in protein tyrosine phosphorylation in T cells (see e.g., Vandenberghe. P. et aL 
(1992) J Exp. Med 121:951-960; Lu, Y. etal. (1992)7. Immunol. 142:24-29). Accordingly, 
a tyrosine kinase inhibitor, such as herbimycin A. can be used to inhibit a CD28-associated 
signal transduction pathway, thereby inhibiting generation of a costimulatory signal in the T 
ceU Alternatively, a CD28-associated signal transduction pathway can be inhibited using an 
agent which stimulates protein tyrosine phosphatase activity in a T cell, the^y decreasing 
the net amount of protein tyrosine phosphorylation. For example, an antibody duected 
against the ceUular tyrosine phosphatase CD45 can be usedt stimulate tyrosute phosphatase 
activity in a T cell expressing CD45 on its surface. Other intracellular signals reported to be 
associated with CD28 ligation include increased phospholipase C activity (see e.g.. Nunes. J. 
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« A (1999) BiocHen, J. 223:835-842) and increased intracellular calcium levels (see e s 
Ledbener,J.A.«al. (1990) Blood 75 153 1-1 519. A „„ a- , 8 ' 
n h n < n h n r ^ • ,fl ' wa - a oj '- 1539 )- Accordingly, an agent which inhibits 
phosphohpase C activity and/or inhibits increases in intracellular calcium levels cTl* used 
^ to inhibit the generation of a costimulatory signal in a T cell. 

£. Compositions 

The agent, used m *. aocording to the described methods to Mbit a T cell 

•0 ^^^"^"Ptan-^eo^,^. AprereJ^LTdoTof 
response, and a pharmaceuticaUy acceptable carrier 

?===s=:t rr~ sir 

•*« of .he ..gand. The tere, sobject is ^ „ ^ J* an 

respore* «. b, eUched, e.g.. marenais. Examples of Jj^htde 
moneys, dog., cats, mice, rets, and transgenic spwies thereof 

deaceibeoT™ 5 ™: 0 "/ ' «oun. of on. or more of the age** 

desertl*. heretn . defied as an amount effective. « dosages ami for periods oflT 

neeessay to achieve the desired result F„.„. , J . *^ 

. """reoresult For exampte. a therapeutically active amount of a 

Forexampie. s^ara, divtded doses n^ ho admits d*.y ce the do*ma^ 
Penally redtared as indicated by the exigencies of the d^upmmc sinJL 

convom«^Zr ga, u "t " , " i ' ,0, ' y fcSi °" '"*> * * a 

TT~* ■ « «< adminishakm. Depending on the mure of 

2—"- *• "v. comp^nd may be co.red in a nretre* ,. ^ fc comp<Jund 

which nreyin^vaeT 
compound. To admmtsrer . agen, by odrer Uren p^™, .tatou^, „ J* 
o^.oeo^m.^^0^^^ 

urecuvauon. An^en,n H yb.adn^s 1 ered mffii m fivj o Uui „ an . p ^^ , 0 B 

hposomes Plrennaoeuticmjy aeeepuble dihrents urelude relin. and mucous buffer soluuon, 
**vnre -bhore inciude pancreatic trypsin inhibitor. mis^aZ^X^ 
- ~yW. Uposonres tnclud, wa tt ,,„ <U , n . wattr OTUlll0M gs well as I Jona, 
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r«ro,. Uquid polyeftylcn. glycols. and mixnues foomof and to o,l, Under ordma* 
Editions of s^g. and u«, the* preparation, may contain » preserve » prcv.tr. toe 

„**.<««. wator soluble) or dispersion, and *ril« powden forth. 

-wrajn of aerile injeouble aoluuon, or dispersion. In all am. foe eompoamon mus, he 

«ion of microorganisms such as hacten. and fungi. The camera*, be a *>lv«n or 

^3 ^yo, (for e^mple. glycerol, propyl glyco.. and >i,tnd V^M^ 
Hke »dsm^l.mixn«ath«mof. The pmp« fluidity can be mamuuned, for ex«npl . 
» n a coring such as leciftin, by foe of foe mquimd pnmcle • m foe 

; T fZLion Jbyfoeu^ofsurfoc^ Pmv^onoffo«^.n.fm = an,sms 
am be achfoved by various rfx-U «m anutagm agents, fit, .lump... p-*«s. 
cLobutanol. phanol. ascorbic arid, foime^. ami*. Uke. In ir-ny ens* .. »U be 
^Thle to hide Isotomc agents, for ex*nple. n*ars. such - . 

Li.ol.sodiumch,orideinfoeoompnriuon.Pm.^ed^onofto«m^e 

0 expositions cm. he brought about b, including in ft. compostnon . agent winch defoys 
ahsomtion for example, aluminum monoatearate and gefonn. 

Teril. iniectalle solution, can be pmpamd by uKorporaung foe : aenve agent . the 
quired amoum of an appropriate solvent wift on. « a combinario. of 
emu. OT «dabo». a, mquimd. follow* by Stemd sttriliaauon. Q««ally. dt^rstona are 

ease of smril. powders for foe pmpnuuon of s»il. injectable solutions P 
mlda of p^nmon « v«uum d*n, »d wfoch ,£ ■ a «- 

mtm tagmdiait (..,.. prmein) plus »» additionm destred from . pmvtously 

30 staUe-fltterri solution thereof. th.comrx.und 
Wtan toe Mk. compound i, suitobty P«— • « 
ta omfl, .dminismred. for wilt » «*< dilumn or » 

l£ A. Li M Weuu* —mm cmriar" foclud* 
dUpoaion modia. o*mg, anribnc^fol and '^^^T\^T mtH 
35 d.Xing^andft.uk.. 

auh^a i, well know, in ft. an. Ex«« insofr. as any conv.rn.onm medui or 
Lntpatib.. wift ft. .cuv. compound, useftereoftofte ft^c common, is 
am«mpfo«d. compound, c„ .to b. nKorr-rm* •»«. *« 

compositions. 
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pnxiuce ft. desned dnsapemic efr » io ^ phanMMU Z "° 

fcpenden. on <a> the unioue =h^ M o, to ^ J 

■rnrrapeuuc effect ,0 be achieved, and (b) to IMwims inherem ta fc „ JT™" „. 
-ch an acuve comr^ for to in ™[ " ofcon.pound.ng 

U. Uses of th> invmiinn 

The methods oftbe invention can be useHfn,«kik;»T ■• 
~*>Tcellwi^ , 
the term "contacting- as used herein is intend L 77 . Accordingly, 

15 with the agent The meth^fT mCUbaUn8 ( ° r CU,tUrin «> a T cell - 

™ ^ The methods of the invention are useful in therapeutic situations where it i« 
desirable to inhabit an unwanted T cel. response, as described inLier Z 1 

anh 8 en,c nornesponsiven*, peraiaa ,» w „ ate cmacnn, T cells * w« "ft , 
20 c^ulnnontahib^^,, Bua.tometo^.ftoinv^on^^tinducin.T 

The methods of the invention are particularly useful for 
25 diseasewhichresuluftnm.il ■ """""""V usetul for mhibiung graft versus host 

oh^Trr r 8CneiC b °" e ^P^tation. I, has previously been 

observed that the presence of mature donor T celU within , v~ Previously been 

both for successful enTafW t T, 3 ^ mam>W » ^cial 

^r^ , "JT ,imUl " i0 ° — --^onofanLi-B,., 

•nd an am..B7-2 .mbody, or CTtA4Ig). Such »«, allows manneT cells to be ZL 

engraftnen, Mo»ver. T cell unlive**, to auoandgens is LJZI 
l>rov.d.nglong.teiinirdubiUooofTceUie ! ~r^witl» m tLr«Mc UCM -. lhOT * 5 ' 
35 of the bone marrow recipient . a " , ° nU0US ,rcinBa " 

Bean*. fteT cells, be inhibited in a bone maarow mnspUn. itmdm „ ^ T 
cdlswtaeh a. ,™ub.« in WW prior „ u^p,^ ^Jo^C^T^T 
=» be be inhibired in wr™, or inhibit * v*„ foUowrf * ZTZZl T 
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another source which share reapicm aima s ln one 

.mbodun**. the which * taB '^^.^^ (OT fmgmen. *«* in 
mother .mbod.rn.nU *e .gen. . » „ „ mli . B7 . . andbrfy and an 

. much preferred embodiment *e « ^body whicb binds 

bod. B7- 1 and B7-2. The second pop meta bolically acuve. e.g.. 

, „ rypically .reared such thaxhey «nn« ^'f" 

*. ecus -d/or rreaud ^ ^„ 

include nttne donot T cells. „ te into the 

5 recipient which have not been T cell dep.e»o _ leMcytes „ r o.her soluble soorce 

_ dono, T cell. - be toner ^«*^f tl01 , T ce.U or 

donor T cons. When non-bone ^"^^X-c- -» •» — » 
spfcoocyse,, are used, the , ^ 0 r bone ma»ow cel., and non- 

^(s). the subsequent bone nranow graft «W T ^ ^ 

» bone manow cel.. (!.«.. bone of <,„„, «,„ with cells 

*-*'■'-'*** Sra usunc don., cells » ministered to 
cpresaing recipie«. • - -* ^ £ ^ „ „„, iMludc ^ manow cells. 

*. reciplen. (If*, donor "'^J^™, , hc ^ 0 , marnre donor T cells. 
e.g.. if peripheral blood cells or *<™^"~ „ reciplcm , 

25 .hen T-cell deplettd bone marrow cells are also ad""™ stmio „ ord „„„ cells 

COS on,ul«Uonud..tatonr^««i«»h'»^ ^^rine Aloronly me 
agent, such as an unmuoosupress.»e agenr (e.g., cyaosp» 

» immuoos ^T^E^*"* 

™' TTT ^TST^ Jem*-. P-« and published p-en. 

a ^^MeduiaitheadditionofCTtAWgtDahuiiMnfully 
W ™* "^TCetl^Lt ha. b~ shown to comply mhib,, 
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CUA,,g or conn* , g ^ |£* «* - »y 

*rough 8 and pulsed overnight with f3 H l h. 7 ^ 6 ° m *» 1 

and unneafcd culnirK exlli6it STOns isZTJCcetl tT' ' 8 

•*« produced tag. amouna 0,1^-7™^ ""T* "*" h "°°"" '« — 

<<20pg/ml). 8 "^ M ^*'*»l»whKeanyd«eaablelL.2 

In another experiment shown ta Ftam 5 n™, m »« o 
individuals are inhibited onlv some "^^Wte 
chher B7-, , where* lEJS? * m0n0C,0,, * 1 *« M «* 

IL-^UT t P "" ife,a,i0 " ■»»—*-•««-*. 



alone (p<0.005). 
25 (B) 
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(B) This experiment demonstrates the militv n fm aai 
derived system In this S v««m h l ™ milt y of <-TLA4Ig m a bone marrow 

P"»eawiin[H|-thvmtdme overnight between days 2 and 3 of culture I, .. 

"« eostiorulation was ntovirf»rf k„ .i. .. ctature. In assays where 

P^tionm**, The results of these experiments tire sho^^ 3^ 3, 
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where the line labeled PBLs represents the data obtained with the allogeneic stimulators and 
the line labeled t/B7-l or t/B7-2 represent the two transfected cell lines as costimulators. 
This data represents the mean data from six experiments. 

Figure 3 A shows the inhibition of donor marrow proliferation by amounts of 

5 CTLA4Ig below lug/ml. Treatment with 0.01 ug/ml of CTLA4Ig had no effect on the 
proliferative response of the donor bone marrow. Treatment at doses from 0. 1 to 1 .0 ug/ml 
greatly reduced the proliferative response to the two transfected cell lines and reduced the 
proliferative response to the allogeneic PBLs to background levels. Figure 3B shows 
inhibition of T cell proliferative responses at CTLA4Ig treatment levels from 1 to 10 ug/ml. 

10 The proliferative response to the human B7-1 transfected cells is completely inhibited by 
CTLA4Ig levels of between 2 and 5 ug/ml. The proliferative response to the B7-2 
transfected cells and to the allogeneic PBLs is completely inhibited at CTLA4Ig levels of 2 u 
g/ml and 1 ug/ml. respectively. Since the proliferation driven by the allogeneic PBL was 
almost completely inhibited by 1 ug/ml of CTLA4Ig and was completely inhibited by 2 u 

1 5 g/ml CTLA4Ig, a dosage of 10 ug/ml of CTLA4Ig was selected for use in all subsequent 
experiments. 
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fvampif.2: ffl fl f i«a« nf B7 f .miiy mediated r<ntimnlation apffifir a llv inhib i ts 
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To determine whether agents which block proliferation in a primary MLR inhibit 
proliferation upon rechallenge in a secondary MLR. the following experiment was performed. 
25 Normal peripheral blood cells mononuclear cells were cultured with irradiated 

(2500cGy) normal donor peripheral blood mononuclear cells of fully HLA mismatched 
subject in the presence of an anti-MHC class 11 antibody, an anti-ICAM-1 antibody, 
cyclosporin A (CsA). CTLA41g, an anti-B7-l antibody, an anti-B7-2 antibody, or a 
combination of an anti-BM and an anti-B7-2 antibody at a final concentration of 10 
cells/ml. The antibodies and CTLA4Ig were added at a concentration of 10 ug/ml. 
Cyclosporin A was used at 10-3 M . The cells were incubated for 6 days, followmg which 
viable cells were isolated and rechallenged with irradiated allogeneic cells from the original 
donor or from a third party donor. No blocking agents were added to this secondary MLR. 
Proliferation was examined daily for 7 days by PH]-thymidine incorporation assays. 
35 The peak proliferation for each condition are represented in Figure 4. The results 

indicate that when only media had been added to the primary MLR, a typical secondary 
response ensued characterized by significantly greater and earlier peak proliferation against 
donor compared with third party alloantigen (peak at day 3 versus day 6, respectively). 
Addition of CsA to the primary MLR prevented the secondary response and resulted in 
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decreased levels of peak proliferation against both donor and third party on day 5. Addition 
of anti-Class II or anti-ICAM-1 mAbs during the primary MLR resulted in equivalent levels 
of secondary proliferation against both donor and third party that peaked on day 5 and 6. The 
absence of a secondary response following blockade of antigen recognition or adhesion 
demonstrates that alloreactive T cells to alloantigen. In contrast, complete blockade of B7 
family mediated costimulation during the primary MLR with either CTLA4-Ig or the 
combination of ami B7-1 and anti-B7-2 resulted in markedly decreased proliferation to donor 
but had no effect against third party. Therefore, complete blockade of B7 family mediated 
costimulation but with intact alloantigen recognition and adhesion is necessary to induce 
alloantigen specific anergy. 

E XAMPLE MaanaJ hvnon M t r< ni.iv> np , tnH.,^ ^ hi^k^ «f B7-i ant j 

B7°2 eostimnlarii.il it aghjg flj within XH h n ||n 

This example analyses the time of inhibition of costimulation required to obtain 
maximal hyporesponsiveness for different agents blocking costimulation. 

In this example, the same assay as that used in Example 2 was used. Cells were 
cultured in a primary MLR with the addition of anti-B7-l. anti-B7-2. a combination of anti- 
B7-1 and anti-B7-2. or CTLA4Ig. After various times, viable cells were isolated, re- 
challenged with irradiated cells from the original donor with no blocking agent added and 
proliferation assessed daily for 7 days. Peak proliferation obtained on any day in the 
secondary MLR was assessed by [ 3 H]-thymidine incorporation. 

The results are presented in Figure 5. The results indicate that addition of anti-B7- 1 
mAb in the primary MLR resulted in only modest inhibition ot proliferation on rechallenge 
whereas the addition of anti.B7-2 mAb was significantly more efficient. The maximal effect 
of anti-B7-2 mAb occurred by 36 hour in primary culture whereas with anti-B7-l mAb this 
was not observed until day 6. Maximal hyporesponsiveness required blockade of both B7-1 
and B7-2 by the addition of either anti-B7-l and anti-B7-2 mAbs or CTLA4-Ig and was 
achieved within 36 hours. Addition of isotype matched control mAb or control-lg fusion 
protein had no effect 

Thus, maximal hyporesponsiveness was obtained by incubating the cells for 36 hours 
with anti-B7- 1 and anti-B7-2 antibodies. 

E XAMPI,F ' 4; Reduction In Th« Fr^,,^ pf Allnr«Trtv H»lp„ J 

CrfhWithm A^l f 

This experiment assays whether CTLA4Ig or anti-B7-l and/or anti-B7-2 antibodies 
used to induce anergy in donor T cells to the aUoantigens on recipient stimulator cells would 
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tad to *. devdopmen, of a subset hypo responstveness . ... cells without 

affecdng te ability of the dono, T colls .0 respond to third pany anoger* 

L.reacnMty in a ma«ched sibling MLR is a poot predion, of subsequort. GVHD. 
, JT^Sa^-W sibling BMT recipfcntt. a High M-»cy of alloreacov. urnm, 

^ — of — 0VHD ^,n,; " 

Mad 222. .6.3; Schware, -A*-*^^^* 
IWore the ftaquoncy of precorsor Halpar T Lymphocyres (pHTL) tn HLA malchad 
X « b.^a of B7 *mi.y rn.dia.ed cosntnofcooo dunng » pnm«y culture 

, ~* "SZLr oaua « 1 06 ware inadiaud (25 Oy, and mixed wim , 0^ 

J-TLondet oalls torn fully HLA matched siblings. After tnoubauon of the ceUs 
T^M^l oItnediaalon.oswi0.anu.B7-, ntAb, and-B7-2 mAb. anu-B7- 

^Xsoy, and CTLL-2 eells were auded .. 
, 24 houn. Ptolifcrat,«t was assessed by tmta^ *^"^ f °"w ^ve ft, 1L- 
or te assay. pHTL frequencies were calcula<ed from Use propornon of wdls .m* 
TZtanon by Itahta, dilution analysis (Taswell C <1«>* »— * «■ ' 6,4) - 
^Ttlsare^dinFigureo. M reponed by «hass, pn« » any 

manipulation the pHTL frequency ,n fuU, "^^^^ » 
blockade of B7 family tnedialed cosutnulauon by either the aomtro 

pHTL frequency agatnst donor on rechallengc *nte pHTL frequencies 

control Ig M no effect whereas an,i.B7-2 had very mode* PH « 
25 achieved with complete B7 blockade were constantly <l x 10 usa. ts belo 

^iaed ^.BM^bodtaotCTLA^g - MLRs tarn 

Since the presence of anu-BM and am. dono, on 

fijlly HLA matched siblings results in fttmwwy^attaswssed in MLR from fully 

rechallenge. the effect of these agents on pHTL frequency w* asses 

30 HLAmuLcnedindividuals. ^*-T«^. 
o^otanons of dono, bone n^w m dn^.«ed aUo^c^^C of 

either CTLA4I,. isoryp. matthed comro. Ig pmrem. -*»M— * „„, , 
cyc.ospo.inc A. The reauiu of these expenmems « shown , . * ftp- 
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development of GVHD after bone man y fluencies were calculated using a 

fr«niencv of the population of T cells. Donor pHTL frequencies were «u 
firequency ot me pop ^ ^ wth 

5 limiting dilution assay (LDA) m wtucn ohuu _ Slinematants ftom these cultures were 
stimulator or third party cells in microuter dishes. CTLL cell line. 

Rested fo^^^^ 

This assay is very sensitive and measures the P™^ ^ 
cells in response to various stimulators. The prohferauon of the CTLL ce 

10 00 figure 7 shows the pHTL frequency found in the donor marker ^onfor 

»m...;™i n fCTLA41«. Each porn, in ilusBgure represents me 
4, hours in .he P««nce of 10 u, /ml °<fTLM£ f» ^ ^ 

par. Unbared ells incutared in media alone show a pHTl PF- 
,5 beared ag^.taor^sdmoraro.^^ 

^ „ pHTL = ^TIl S measuring the pHTL 

20 PHTL MT ££££ MHC dapma-e «*» b-h *. *~ — - 

fluency agamatfurd pany ™L ^ ^ ^ ^ js 

marrow against third party ceus is corop t0 allogeneic stimulators 
25 demor^.esrta..ta.n^.xa.o.of.tado^^ 

30 «.l adhesion molecule 1CAM on U^ffll ? ^ooclor-1 .nobody had 

stauUror CU cu 1M res a *e usance of 10 *•*« ^ ^ 

M cycly^ Arched nor nu»™. *«mulH» £T Mlls 

period tad no dike, on d» pHTL Muancy wtan ^J^^JmtLmmatn *» 

the dramatic reducuon seen in pHTL frequency in cm 
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due to the effect of the Ig sequences, nor was it due to a aenerai i mm 

obtained with cyclosporin A. 8 »n™osuppression as can be 

In another example, the efficiency of anti-B7-l ami m ■> , 
«W7-I and anti.B7.2in decreasing JdhT*- l^^^^^onof 
5 'onoralloanugenon^^^ 

above. TTte remits are presented in Figu^^^lI^T " ^ 
mAbs alone had only modest effect on dHTT f~ „ of «tberant>B7-l oranti-B7-2 

demonstrate consistent reduction of the dHTT ft™ r . g ' TheseresuJ » 
> M. be,ow ^ ^ £££ ^ — — done* t0 

uthsbited prolifesndon during secondary ch>JI<»..T ZTT pnnU ' y c "" ,,re 

*. Prin», cuhu*. . deem,* „ ^ ^^^^ ™* "d^ 10 
observed with CTLA4-Ig alone. T1k» « "7" '« ^ ^ 

*«m » a re,uhemen. for both a TCR mediated si** JZTLTb^ *" 
cosrimulauon to induce alloam,™ speeiiic """">' Mdi " ed 

toud number of . * «* shown to ha,. n0 effea „„ 

dsose «Us „ the TnT^jT ^ ^ 

anmsseatmcm wimend-B,., -.-^XJESS?''" 

in PHTL suMcren, . ^ orel^^^T''"' "* * 
anti-B7-i and anti-B7-2 antibodie. u~ 7 ""beimore, the combination of 

«"» -i in dea^n, pHU^ e T *» - 

F.YAMpjp 1: 
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medium which contained growth factors appropriate for human cells. These assays were set 
up in triplicate for each patient's marrow sample. After 10 days of incubation, the number of 
erythrocytic (BFU-E) and myelomonocytic (CFU-GM) colonies were counted. TheLTCIC 
colony forming assays were performed using a limiting dilution analysis. The donor bone 

5 marrow sample was washed and dilutions from 40,000 to 625 cells were added to microtiter 
wells previously seeded with 3000 irradiated stromal cells. After 5 weeks in culture, the cells 
were gently trypsinized to release cells and then methylcellulose medium containing growth 
factors was added to each well. The appearance and number of BTU-E and CFU-GM 
colonies was measured after an additional 10 days of incubation. These results are shown in 

10 Table 1 for six of the patient samples. 

The direct colony forming assay shows that there are similar numbers of BFU-E and 
CFU-GM precursors in all six patient samples tested regardless of whether the assays were 
performed on donor marrow before treatment or after culturing donor marrow with irradiated 
stimulators for 48 hours in the presence of medium alone or in medium containing control Ig 

15 or CTLA4Ig. Similar results are seen in the three patient samples tested by the LTCIC 

methodology. This method is a more sensitive measurement of damage to stem cellsthanis 
the direct colony forming assay. All three patient samples tested have similar numbers of 
BFU-E and CFU-GM colony forming units after treatment as did the fresh donor marrow 
samples. 

20 The experimental data presented in Table I shows that the culturing protocol 

developed for the anergization of donor bone marrow to sensitizing alloantigens by the 
treatment with CTLA4Ig had no detrimental effect on the donor bone marrow. The donor 
bone marrow had the same number of cells before and after treatment. The donor bone 
marrow retained a full complement of Uneage specific blood cell precursors as demonstrated 

25 in both direct colony forming assays and in the more sensitive LTCIC assays. However, the 
donor bone marrow exhibited a dramatic and specific decrease in the responsiveness to the 
sensitizing alloantigens while it retained a full ability to respond to third party cells. This 
loss of responsiveness of the donor bone marrow to the sensitizing cells after treatment with 
CTLA41g was as expected based on previous in vitro and in vivo studies. The loss of donor 

30 marrow responsiveness to the sensitizers suggests that transplantation of similarly treated 
marrow into the appropriate recipient will be safe for the transplant recipient and may result 
in a reduction or elimination of acute GVHD in the transplant recipient. 
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Those skilled in the art will recognize, or be able to ascertain using no more than 
routine experimentation, many equivalents to the specific embodiments of the invention 
described herein. Such equivalents are intended to be encompassed by the following claims 
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1 A method for inhibiting a response by a T cell to an antigen, comprising 
contacting the T cell with and agent which inhibits a costimulatory signal in the T cell. 

5 thereby inhibiting the response by the T cell to the antigen. 

2 TTiemethod of claim l.whereinthe agent u^Wu an iiiteiaction between a 
receptor on the T cell and a costimulatory molecule on a cell presenting antigen to the T cell. 

10 3. The method of claim 2. wherein the receptor on the T cell is CD28. 

4. The method of chum 2, wherein the receptor on the T cell is CTLA4. 

5. The method of claim 2, wherein the costimulatory molecule is B7-1 or B7-2. 

15 6. The method of claim 2. wherein the agent is a soluble form of CTLA4. 

7. The method of claim 6, wherein the soluble form of CTLA4 is a human 
CTLA4-immunoglobulin fusion protein. 

20 g. The method of claim 2. wherein the agent is an anti-B7-l antibody, or 

fragment thereof. 

9. The method of claim 2, wherein the agent is an anti-B7-2 antibody, or 
25 fragment thereof. 

10. The method of claim 2, wherein the agent is an anti-BM antibody and an 
anti-B7-2 antibody, or fragments thereof. 

30 1 1. The method of claim 1. wherein the agent acts intracellularly to inhibit 

generation of a costimulatory signal in the T cell. 

p A method for inhibiting graft versus host disease in a bone marrow transplant 
tecipiJjcomprismgcontactmgaf^ 

" ^ a) a second population of cells which express recipient alloantigens; and 



15. The method of claim 14, wherein the soluble form of CTLA4 is a human 
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b) an agent which inhibits a costimulatory signal in the donor T cells 
the agent thereby inhibiting a response by the donor T cells to the cells which express 
recent alloanagens such tha, upon adnunistration of the first population of 
bone marrow transplant recipient, graft ^^^inteLp^wZ 

amu 13 • ^ e ^° d ° fctoI2 '^ inthe ^ Ration of cells is selectedfrom 
a group cons^g of bone marrow cells, peripheral blood cells and splenocytes. 

14. The method of claim 12, wherein the agent is a soluble form of CTLA4. 

15. The method of claim 14, \ 
CTLA4-immunogIobulin fusion protein. 

«.« BJ2^ m t i ° tCUim ,2 -^^«.«'ir.n»nti.B7. 1 »tibody and W 
MMI-B7-2 antibody, or fragments thereof. 

of O..U I.',* "** — "~ * *• «- 

rectpienf n " m * m, ° td *° ''•^"^g^^emgth.^en.t.u* 
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FIG. I 




Thymidine Incorporation (cpm x 10*) 
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FIG. 2 
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FIG. 3A 
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FIG. 3B 




CTLA4-lg (MM) 
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FIG. 4 




[3h] Thymidine Incorporation 
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FIG. 5 
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FIG.7 
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FIG. 8 
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